Introduction
Neurocognitive dysfunction is frequently observed in individuals with mood disorders. During episodes of depression, deficits have been reported across multiple cognitive domains (Elliott 1998);  including attention (Lemelin et al. 1996; MacQueen et al. 2000; Cohen et al. 2001) , executive functioning (Goodwin 1997; Veiel 1997; Fossati et al. 1999; Moritz et al. 2002; Porter et al. 2003) , verbal and visuo-spatial memory (Austin et al. 1999; Porter et al. 2003; Taylor Tavares et al. 2007) and psychomotor speed (Caligiuri & Ellwanger 2000) . Several meta-analytic studies have concluded that patients with major depression exhibit a broad profile of deficits of moderate severity, particularity in effortful mnemonic processes (Christensen et al. 1997; Zakzanis et al. 1998) , which correlate with severity of depression (McDermott & Ebmeier 2009 ). Significant improvement has been shown in clinical remission, especially in episodic memory function (Clark et al. 2005; Neu et al. 2005; Gallagher et al. 2007) , in most but not all studies, although some debate remains as to the extent, magnitude and time course of this improvement (Hasselbalch et al. 2011 ).
In contrast to major depressive disorder (MDD), much of the work on the neurocognition of bipolar disorder (BD) has focussed on the euthymic state. In part this has been driven by the question of whether cognitive deficits precede the onset of the disorder and are therefore a trait (or endophenotypic marker) of the illness. A number of meta-analyses have described evidence of deficits in multiple aspects of attention, executive functioning, memory and psychomotor speed in euthymia (Robinson et al. 2006; Torres et al. 2007; Arts et al. 2008; Bora et al. 2009; Bourne et al. In Press) . By comparison, relatively few studies have specifically focussed on the depressed phase of bipolar disorder. This is somewhat surprising given the evidence from prospective, longitudinal studies that patients experience mood symptoms approximately half of the time they have the disorder, with depressive symptoms being significantly more prevalent (Judd et al. 2002; Judd et al. 2003) . Ascertaining the neuropsychological performance of patients during these episodes is therefore of great importance.
In general there seems to be a degree of overlap in the cognitive domains affected in bipolar depression and MDD. However, due to the paucity of studies only limited comparisons have been possible. Some studies indicate that the severity of impairment in bipolar depression is greater than in MDD (Wolfe et al. 1987; Deptula et al. 1991; Borkowska & Rybakowski 2001; Xu et al. 2012) although not all have found this (Popescu et al. 1991) . In terms of the actual profile, this is somewhat difficult to characterise due to the relatively small number of studies, differences in the clinical characteristics of the samples (including medication-related issues), the wide range of measures employed, or the precise focus of the design (i.e. a broad assessment or a focus on a specific process/hypothesis). For example, Martinez-Aran and colleagues reported statistically significant performance decrements in depressed BD patients compared to controls in every test administered in a broad battery assessing multiple aspects of executive function and attention, verbal and non-verbal learning and memory (Martinez-Aran et al. 2004) . Similarly, Basso et al. (2002) reported significantly worse performance in depressed BD-I inpatients in multiple verbal memory processes (from the California Verbal Learning Test; CVLT), executive function and motor speed (verbal fluency, Trail Making Test and Grooved Pegboard) compared to controls. However, in an earlier study utilising a similar series of tests, Neu et al. (2001) found depressed BD patients performed significantly worse than controls on verbal fluency only, with no differences in Trail Making Test, Wechsler visual memory or Rey-Auditory Verbal Learning Test (although the latter test was not administered in a standard format and a correction for multiple comparisons was applied to the significance tests). In contrast, Dixon et al (2004) found no differences between bipolar depressed patients and controls on either phonological or semantic fluency tests, but did see differences in other executive measures (Stroop, Hayling Sentence Completion Test).
Several studies have used combinations of tests from the CANTAB battery to explore aspects of attention, executive function and visuo-spatial memory in bipolar depression with mixed findings.
While some studies have found very few differences between depressed BD patients and controls (Sweeney et al. 2000) , especially in medication-free patients (Taylor Tavares et al. 2007; Holmes et al. 2008; Roiser et al. 2009) (2009) explored a range of tests of psychomotor speed and attention and reported that deficits were restricted to effortful but not automatic processes, while Kerr et al. (2005) used the Stroop test to explore the effect of emotional content on attentional processes and found that patients showed general attentional deficits compared to controls.
The effect of heterogeneity in samples and tests across studies is reflected in a recent meta-analysis which focussed on neuropsychological functioning in BD, across symptomatic states as well as euthymia (Kurtz & Gerraty 2009 ). This review found only five papers that met inclusion criteria for the bipolar depression analysis. From these studies, the only tests for which data could be extracted -according to their criteria of requiring similar tests/procedures from at least three -were Trails A (psychomotor speed/attention) and Trails B (executive function: set-shifting), verbal fluency (executive function: language) and verbal memory (Rey-AVLT or CVLT). The pooled effect sizes for each of these indicated medium to large effect sizes (Cohen's d=0.64 to 1.20). A direct comparison with euthymic patients across these measures revealed significantly greater verbal fluency and verbal learning deficits in depressed individuals.
The aim of the present study is to extend previous findings by assessing a broad range of cognitive processes in a well-characterised patient sample and in matched controls. From the findings of previous studies, one important outstanding question relates to the precise profile and extent of the deficits observed in bipolar depression. When interpreting this profile it is necessary to acknowledge both the hierarchical organisation of human cognitive functions and the complex interplay between different processes. The conceptualisation of the observed deficits is fundamentally altered if the processes assessed do not operate independently. It is also important to note individual differences in performance, which leads to increased statistical variation when deficits are explored solely at the group level. A two-phase approach will therefore be adopted with the data analysis: (i) the magnitude of differences between patients and controls will be described not only in terms of effect size and accompanying statistical significance, but also in terms of the percentile standing of patients within the control data. This will provide a clearer understanding of inter-individual variation in performance in bipolar patients.
(ii) Principal Component Analysis (PCA) techniques will be employed to explore and better understand the component structure of neurocognitive processes. This approach also addresses the issue of how to deal with multiple outcome measures which are an inherent feature of studies that aim to fully profile the range of cognitive functions.
Methods
A cohort of 100 participants (53 bipolar patients and 47 controls) completed the study. Recruitment was part of an extended research programme into the effects of glucocorticoid receptor antagonists in bipolar depression (Watson et al. 2012) .
Participants
Patients aged 18 to 65 years with a diagnosis of bipolar disorder, confirmed using the Structured Clinical Interview for DSM-IV (SCID; First et al. 1995) , were recruited from secondary and tertiary care services in North East of England. All were outpatients and currently in a depressive episode (SCID defined). Patients were excluded if they met criteria for any other current axis I disorder, including anxiety disorder, schizophrenia or substance dependence/abuse. Illness characteristics, clinical ratings and medication history were determined by trained psychiatrists using full history, case-note and medication review and standardized rating scales.
Healthy control subjects were recruited by general advertisement. All controls were screened prior to testing to exclude anyone with a personal or family history (first-degree) of psychiatric illness, significant medical or neurological illness likely to affect neuropsychological functioning, or history of drug/alcohol abuse.
After a complete description of the study, written informed consent was obtained from all participants. The study was approved by Newcastle and North Tyneside Local Research Ethics Committee.
Cognitive tests
Testing was carried out in a bespoke neuropsychological testing suite. All testing was carried out at the same time of day (early afternoon, to control for possible diurnal confounds) by one of the authors (PG) or a trained, experienced research assistant. As outlined in the introduction, a broad cognitive test battery was employed, including computerised tests and traditional pen-and-paper measures, to assess attention and executive function, immediate memory, verbal and visuo-spatial learning and memory and psychomotor speed. These have been utilised in previous studies and are briefly listed below.
CANTAB Spatial Working Memory (SWM)
: a self-ordered search task which requires subjects to search for hidden tokens within a spatial array. The number of between-search errors are recorded (occasions when a subject returns to a square under which a token has been previously found), within search errors (occasions when a subject returns to a square already searched within a search sequence) as well as a strategy measure (where a lower strategy score reflects a more systematic search strategy).
CANTAB Spatial Recognition (SRec): a memory task in which subjects view 5 identical 'squares' presented in serial order in differing positions on the screen and are subsequently required to identify, from a choice of 2 squares, the one that occupies one of the 5 locations shown previously.
Subjects complete 4 sets. The percentage of correct responses is recorded. Spatial Recognition-modified (SRec-m) : a modified version of the task was also administered which is identical to the standard version except two sets of 7 squares, then 2 sets of 9 squares are used. The percentage of correct responses for sets 7 and 9 are recorded.
CANTAB

CANTAB Spatial Span and Reverse Spatial Span (SSp/ rSSp): a test analogous to the Corsi Block task,
where participants must reproduce a spatial sequence, which is administered in the standard format and then reverse (where subjects tap the sequence in the opposite order from presentation). The maximum span reached is recorded for each.
Visual Patterns Test (VPT)
: a test of short-term visual memory in which subjects are required to remember and reproduce increasingly complex 'checkerboard' patterns (Della Sala et al. 1999 ). The test is scored in the same way as the SSp task with the maximum set-size achieved being recorded.
CANTAB Pattern Recognition (PRec)
: a test of visual recognition memory in which subjects view a series of 12 coloured patterns and must then select the patterns they have seen in a 2-choice, forced-discrimination paradigm. Subjects complete 2 sets and the overall percentage correct is recorded.
Pattern Recognition-modified (PRec-m) : due to the risk of ceiling effects in healthy controls, a modified pattern recognition task was constructed which was similar to the CANTAB version except the patterns were more abstract, black and white shapes and were more closely matched to their distracter during the recognition phase. These were taken from (Vanderplas & Garvin 1959) and displayed using the Superlab program. One set of 24 patterns was administered and the overall percentage correct is recorded. Maximum span attained is recorded for both. et al. 1997; Lezak et al. 2004) : tests of executive function in which participants are required to produce as many words as possible beginning with, or not containing, a given letter. Total correct for each test is recorded.
Self-Ordered Pointing Test (SOPT) (McGonigle & Chalmers
Verbal fluency (Controlled oral word association test; COWAT) and Exclude-Letter Fluency test (ELFT)
(Bryan
Digit Symbol Substitution Test (DSST): as a test of psychomotor speed and attention. Total correct in
90s is recorded. (Baddeley et al. 1992) : to test the speed and efficiency of cognitive processing. Total correct for the 'spot the word' and speed of processing measures are recorded. 
Speed and Capacity of Language Processing (SCOLP)
Statistical analysis procedure
Overall group differences
Some tests had a small number of missing or incomplete data points (maximum of 5 participants across the whole sample of n=100), which were imputed using the mean of the respective group.
Data for all neuropsychological test measures for patients and controls are presented in table 1 along with effect sizes. Large effect sizes (d>0.8) were found on 3/26 measures: speed of processing (SCOLP), verbal learning (Rey-AVLT total) and specific executive/working memory processes ('ELFT').
Medium-to-large (0.5<d<0.8) effects were found on 8/26 measures: tests of attention, delayed recall and other executive tasks ('COWAT'). Small-to-medium (0.2<d<0.5) effects were found on 12/26 measures, including the majority of visuo-spatial measures examined.
{Insert table 1}
To control for the number of individual comparisons, the overall group effect was confirmed using MANCOVA (with NART and age as covariates). Some individual outcome measures were omitted from this analysis to avoid inclusion of overlapping/commensurate outcomes: the Rey A7
percentage retained was omitted as it is highly correlated with 'A7 correct', similarly the 'modified trials' of the Spatial Recognition (sets 7 and 9) were omitted in favour of the 'standard' version. The SCOLP 'spot-the-word' test was omitted as it is conceptually similar to the NART (which was used as a covariate); finally, the Pattern Recognition measure was omitted in favour of the 'modified version' which was less affected by ceiling effects (in the standard version, 28% of the n=100 participants achieved the maximum possible score on the task, while for the modified version only 2% scored the maximum) and Vigil was omitted as it was only completed on a sub-set of participants. The remaining 18 measures were entered into the analysis.
The MANCOVA revealed a highly significant main effect of group with patients performing below the level of controls (F=3.767, df=18, 79, p<0.0001) and both NART and age being significant covariates (p<0.0001).
An exploratory analysis was conducted to examine the relationship between HDRS 17 scores and cognitive measures in patients, however there were no significant correlations with any variable (r<0.25, p>0.15 for all; individual data not shown).
Percentile standing of depressed patients
Data are presented in table 2.
{Insert table 2}
For the tests reported, almost all produced at least one outcome measure on which ~25-50% of the patient sample performed at or below 1 s.d. of controls. Although these proportions diminished when considering performance at or below the 5 th percentile, 20-34% of the patient sample exhibited performance decrements at this level in immediate/working memory (digit and spatial span), verbal learning and memory (Rey-AVLT), and psychomotor/processing speed (DSST and SCOLP).
Cognitive test component structure
For the purposes of the PCA, the 26 variables listed in table 1 were considered for analysis. These variables were initially assessed on a number of criteria for inclusion, identical to those applied above in the MANCOVA analysis. Nineteen variables were therefore available for the PCA (n.b it was not necessary to exclude the SCOLP here, as it was in the covariate procedure above). Formal testing of the sample and data was also performed through the iterative process of extracting stable factor As oblique rotations produce factors that will be correlated to some extent, it has been argued that this approach is more representative of the complex inter-relationships between processes of human cognition. However, because orthogonal rotations produce factors that are uncorrelated, the resulting components can be used as statistically-independent factors for use in regression analyses to explore hierarchical organisation of cognitive processes.
Overall sample
As recommended by Field (2009) 
{Insert table 3}
Comparing this model to the oblique rotation, it is clear that three of the components are identical to the orthogonal solution. The pattern matrix shows the cluster of factor loadings in components 1, 2 and 3 are identical to components 1, 2 and 4 respectively of the varimax solution. The fourth component in the structure matrix also shows identical loadings to the varimax solution, although as can be seen from the pattern matrix, these load less cleanly due to moderate loadings with other factors. Loadings in the pattern matrix further show that SRec and SOPT do not load uniquely onto any of the four components for the same reason.
Comparison of bipolar patients and controls
A final exploratory analysis contrasts the profile of variable loadings for patients and controls separately. Due to the relative consistency between the models in the overall analysis, only orthogonal (varimax) rotations are reported. To fully permit differences to emerge from the overall analysis, this was performed from the point of initial data screening of all the original variables (i.e.
reassessing the correlation matrices, for each sample separately). This resulted in 13 variables entering the initial model for controls and 12 for patients (see Table 4 ). The models were assessed using the same criteria as the overall PCA for data assumptions. For controls, the KMO measure was 0.738 and the communalities ranged from 0.610 to 0.870 (mean=0.733); for patients, the KMO measure was 0.773 and the communalities ranged from 0.442 to 0.811 (mean=0.645).
{Insert table 4}
For controls, four components were extracted explaining 35.6%, 15.1%, 13.1%, 9.5% (cumulatively, 
Refined rotation
It is of note that some variables entered into the PCA exhibited loadings which were close to the cutoff for interpretation over multiple components e.g. the VPT and digit span reverse in controls and SOPT in patients. One final rotation is presented in table 5 with these removed (these solutions also displayed complete overlap with the oblique rotation, suggesting a stable orthogonal profile; data not shown).
{Insert table 5}
For controls, the communalities for the PCA were high, ranging from 0.605 to 0. 
Discussion
The present study comprehensively characterised neurocognitive dysfunction in adults with a diagnosis of bipolar depression, compared with a well-matched control group. In line with previous work, data were compared on their statistical significance. However, the additional use of effect sizes, percentile standing and PCA (to examine the component structure of cognitive processes) measures assessed lay in the small-to-medium effect-size range. Two of the 3 measures on which large effects were observed in the present study (SCOLP speed of processing and ELFT fluency) have not been assessed in previous studies, however the third (verbal learning) was greater here than in the euthymic analysis (d=0.81 versus 0.51). It has been previously suggested that depressive symptoms may have a particular impact on verbal memory processes (Porter et al. 2003; Gallagher et al. 2007; Gorwood et al. 2008; Kurtz & Gerraty 2009) . Although speculative, it may be that the profile of euthymic and depressed BD broadly overlaps, but with greater dysfunction in some episodic processes when symptomatic. The effects on the processing speed and complex executive measure remains to be established.
In terms of the assessment of percentile standing, our data are in accord with previous findings (Iverson et al. 2011) suggesting that whilst 'broad' significant statistical differences are observed, overall effect size differences vary according to domain examined and those patients with performance at or below the cut-off for impairment (on an individual measure) represent a subgroup 2 . One further caveat to note when interpreting these findings is that even in healthy adults; some individuals will perform at or below such cut-offs. 'Abnormal' performance on some cognitive tests in a battery can sometimes be "psychometrically-normal" and does not necessarily signify impairment indicative of the presence of underlying brain dysfunction (Binder et al. 2009 ).
Nevertheless, given the overall proportions of patients performing below these cut-offs on some measures in the present study, this factor cannot fully explain the extent of impairment. Factors such as intrinsic and extrinsic motivation have also been shown to influence cognitive test performance, even in healthy subjects (Robinson et al. 2012) . It is necessary to be cognizant of these effects when assessing the profile and magnitude of low cognitive test scores. This highlights the need to view the scores (or performance) in the context of any clinical condition, particularly where motivation to testing may be a factor. It is also important for future studies to identify if there are specific clinical or illness characteristics defining those patients performing at the lowest percentile.
Medication use is also a limitation of the present study, as is typical of the majority of studies in bipolar depression. Whilst the effects of medication on performance cannot be discounted it is important to note that cognitive deficits have been described in some studies of medication-free patients with major depression (Porter et al. 2003) and euthymic bipolar disorder (Goswami et al. 2009; Bourne et al. In Press) .
Very few studies in bipolar disorder have adopted a factor analytical (FA) or PCA approach to the assessment of cognitive processes, although there are some important implications of these methods. For example, to reduce the number of contrasts with large test batteries, tests are often reduced to composites (or multivariate analysis conducted) by generic cognitive domain. These may not be representative if the underlying factors/components differ in patients compared to controls.
Also, they are of use in identifying tests or processes which load onto multiple underlying components and therefore reduced performance on such measures may be via any of several potential 'mechanisms'. A study by Czobor et al. (2007) examined the factor structure of cognitive performance in patients with bipolar disorder and patients with schizophrenia and reported six common factors in both samples: these were attention, working memory, ideational fluency, verbal knowledge, non-verbal functions and learning. However, within these factors there were some significant differences in the profiles of impairment between the diagnostic groups (patients with schizophrenia performing worse in the attention and non-verbal domains). Using a predominantly confirmatory FA approach to identifying intermediate cognitive phenotypes, Langenecker et al. (2010) reported that the depressed bipolar sub-group performed significantly worse than controls on 7 of 8 factors assessed (auditory memory, visual memory, processing speed with interference resolution, verbal fluency and processing speed, conceptual reasoning and set-shifting, emotional processing, and fine motor dexterity). It is important to note the distinction between the PCA approach and FA. FA derives a mathematical model from which factors are estimated whereas PCA decomposes the available data into sets of linear variables. As such it has been argued that only FA can truly estimate the underlying factors, with PCA simply examining the strength of the relationship between a given variable within each linear component, although these approaches lead to similar results when communalities are high (Field 2000) . As can be seen in the present analysis, a number of variables were excluded at the initial data screening stage and further removed from the model due to insufficient or multiple component loadings. This may have been a consequence of the small sample size. To fully derive stable underlying factors will require replication in a much larger sample.
However, it should be noted that data were assessed throughout the PCA procedure to ensure statistical assumptions were met and the data were viable for meaningful analysis.
The application of this analysis approach offers opportunities to develop our understanding of cognitive functioning in mood disorders. Of particular interest is the notion that the underlying factor structure may subtly differ in bipolar depression compared to healthy controls. Theoretical accounts gleaned from the literature on cognitive ageing may offer insights into these findings -of fewer components and more variability within each. For example, the dedifferentiation account proposes that there is a loss of specificity in cognition in ageing, whereby previously functionallydiscrete processes become less differentiated through decline in neural connectivity, becoming more amorphous (for a discussion see Dolcos et al. 2002) . A further parallel is the notion of 'cognitive scaffolding' whereby adaptive changes can occur in the underlying neural circuitry engaged in the performance of cognitive tasks, in response to structural or functional decline, resulting in the recruitment of alternative circuits or processes than those typically employed. This has been described as a model to explain changes and variability (because it may not occur to the same extent in all individuals) in cognitive processes in ageing (Park & Reuter-Lorenz 2009) . Together these accounts could explain increased inter-and intra-individual variability in cognitive performance, often found in mood disorders more generally. Future research should focus on establishing the relationship between cognitive components and the cognitive hierarchy underpinning the profiles, i.e. can broader dysfunction be explained by more circumscribed core deficits? Establishing the reasons behind the differences in the cognitive profile of bipolar disorder should also be a focus, especially by identifying potential cognitive phenotypes and underlying functional and structural brain connectivity. 
